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(57)Abstract: 

PROBLEM TO BE SOLVED: To obtain a microlens array which enhances the light 
receiving efficiency of the light receiving part of a solid-state image pickup element 
and enhances the sensitivity and image quality of a solid-state image pickup device. 
SOLUTION: A light receiving part 12, a light shielding part 13, a flattening layer 14, a C,J 
color filter layer 15 and an overcoat layer 16 are formed on a semiconductor 
substrate 11, a resin pattern layer is formed by using a positive type resist adjusted 
so as to ensure an extinction coefficient of 0.57 x 10-3 at 450 nm wavelength and 
convex microlenses 21 are formed by heating and softening the resin pattern layer at 
130° C to obtain the objective solid-state image pickup element 10 with a microlens («• 
array 22. When a filling rate improving layer 31 having 0.09 fl m thickness is further 
formed on the microlenses 21 using an acrylic resin adjusted so as to ensure a 
refractive index of 1.45 at 450 nm wavelength, the objective solid-state image pickup 
element 20 with a microlens array 32 is obtained. 
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CLAIMS 



[Claim(s)] 

[Claim 1] The micro-lens array for solid state image pickup devices characterized by the extinction 
coefficient of the micro lens which constitutes said micro-lens array being 1.82x10 to three or less on 
the wavelength of 450nm in the micro-lens array formed on the solid state image pickup device which 
has the light sensing portion arranged two-dimensional to the horizontal direction and the perpendicular 
direction. 

[Claim 2] The micro-lens array for solid state image pickup devices according to claim 1 characterized 
by preparing a filling factor improvement layer in the front face of said micro lens. 
[Claim 3] The micro-lens array for solid state image pickup devices according to claim 1 or 2 
characterized by the refractive index of said filling factor improvement layer being 1.46 or less on the 
wavelength of 450nm. 

[Claim 4] It is a micro-lens array for solid state image pickup devices given in any 1 term among claim 1 
characterized by the range of the optical thickness of said filling factor improvement layer being 100- 
150nm on the wavelength of 450nm thru/or claim 3. 

[Claim 5] The solid state image pickup device characterized by preparing the micro-lens array for solid 
state image pickup devices of a publication in any 1 term among claim 1 thru/or claim 4. 
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DETAILED DESCRIPTION 



[Detailed Description of the Invention] 
[0001] 

[Field of the Invention] This invention relates to the micro-lens array which raises especially the 
utilization effectiveness of light about the solid state image pickup device which prepared the micro-lens 
array. 
[0002] 

[Description of the Prior Art] Generally a light sensing portion and the charge transfer section are 



prepared pn a semi-oonductor substrate, and the selid state image pickup device has the owrtfcr .of 
transmitting the charge by which phptpelectrical exchange was carried cut by the hght sensmg portion 
t he Irge transfer section. For this reason. ,00% of field on a 

used as a light sensing portion, but a micro lens 27 is arranged I*, diawmil R> 6 on the W*««l 
portion which consists of a photodiode arranged two-dimensional to honzontal and a P-*"*^ 
direction as an approach of raising the light-reoeiying effectiveness of a l.ght *°™™ ?°^ ^ e 
sensibility of a solid state image pickup device is raised by making a l.ght sensmg port,on ,2 condense. 
[0003] Drawing 6 is the fragmentary sectional view having shown typically the configurator , of the 
eonvent^oHd state image pickup device 30. and. for the ^^/^^J^J ' 

overcoat layer and 41, the proteotion-from-light section, the light filter layer for [ 14 ] color separat,on 
in a flattening layer and 1 5, and 1 6 are [ a micro lens and 42 ] micro-lens arrays. 
[0004] It is condensed by the micro lens 4, and incidence of the incident hght ,s earned out to a ght 
sensmg portion 12 through the overcoat layer 16, the light filter layer 15. and the flattening layer 14 

ooo dlng to the amount of incident light, it is changed into a charge and a charge trans er ,s earned out. 
The quantity of light which carried out incidence also on the proteot,on-from-l,ght season 13 at th a 
time without all of incident light carrying out incidence on a light sensing port,on 12. and earned out 
incidence on this proteotion-from-light section 13 is one factor which causes aena,b,l,ty lowenng of a 
solid state image pickup device without being changed into a charge. 

0005 T recent years, it is developed aa solid state cameras, such as the increase of the number of 
pixels and the handicap movie (trade name) carried out of a solid state , mage p.ckup device an U d,g,ta, 
still camera. Although it ia satisfactory if only the part whose number of p.xels pf a sol d state mage 
2 up device increased aimply can enlarge solid state image pickup device ****** optica, system the 
inclination of a miniaturization and lightweight-izing of this field ia strong, and although the number of 
pixels increasea. a solid atate camera is in the same magnitude aa the former, and the ,ncl,nat,on 

miniaturized further. . . , . 

[0006] If it is going to dedicate many numbers of pixels in a fixed dimension, p.xe. area must £ made 
small and sensibility lowering and property lowering called saturate power sag w,ll be caused. For th.s 
reason, it is necessary for a photodiode to raise the quantity of light which carries out ■ -nc-dence. 
However, the actual condition is a limitation's being controlling a lens configurate an I locrtum , 
precision by the approach of forming the conventional micro-lens array, and bemg unable to expect 
effectiveness more than now from the improvement in sensibility. When the pixe. pitch of a m.cro lens ,. 
5 micrometers, specifically, it is a limitation that a diameter forms a 4.5-micrometer 
[0007] Moreover, although the organic resin of current photosens.t.v.ty ,s used as an mgred.ent of a 
micro lens, especially the optica, absorption in a short wavelength region ,. large, the permeab^ty of 
short wavelength falls and there is a problem which causes sens.b.l.ty of a sohd state .mage p.ckup 
device and deterioration of image quality with wavelength. 

fprobLm(s) to be Solved by the Invention] This invention was devised in view of the above-mentioned 
Lble an aims at offering the micro-.ens array and solid state image pickup device c«™p^ 
raising, and the sensibility and image qua.ity of a solid state camera in the hght-rece.v.ng effectless 
of the light sensing portion of a solid state image pickup device. 

El for Solving the Problem] In order to attain the above-mentioned I technica. problem in . this 
invention, in the so.id state image pickup device with which it comes to form a m,cro-len ; array on 
light sensing portion arranged two-dimensional to the horizontal direction and the perpend.cu tar 
dLction in Cairn 1, the extinction coefficient of the micro lens which confutes ^^Zl to 
considers as the micro-lens array for solid state image pickup dev.ces characterized by be.ng 1.82x10 
three or lessen the wavelength of 450nm first. 
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[0010] Moreover, in elaim 2, it considers as the micro-lens array for solid state image pickup devices 
acoording to claim 1 characterized by preparing a filling factor improvement layer m the front face of 

riot. n iC M r oreo n v S er. in claim 3, it considers as the micro-lens array for solid state image pickup devices 
according to claim 1 or 2 characterized by the refractive index of said filling factor .mprovement layer 
being 1 46 or less on the wavelength of 450nm. . 
[001 2] Moreover, in claim 4, it considers as the micro-lens array for solid state image t*>* +™" 
given in any 1 term among claim 1 characterized by the range of the optical thickness of sa,d filhng 
factor improvement layer being 1 00-1 50nm on the wavelength of 450nm thru/or claim 3. 
[0013] It considers as the solid state image pickup device characterized by preparing the mioro- lens 
array for solid state image pickup devices of a publication in any 1 term among cla.m 1 thru/or cla.m 4 ,n 
claim 5 further again. 

[Embodiment of the Invention] this invention persons inquired wholeheartedly that the above-ment£ne d 
technical problem should be solved, and as a result of investigating the relation between , he e , no ion 
coefficient of organic resin, and permeability paying attention to the extinction coefficient (K) of 
organic resin which forms the micro lens, when an extinction coefficient formed a micro lens by UHb* n 
to three or less resin with wavelength (450nm), it became clear that permeability showed 85% or more on 
the blue peak sensibility wavelength of 450nm practically. 

[001 5] The result of having carried out simulation of the permeability to each wavelength of the venous 
resin ayers of 1 .2-micrometer thickness from whioh'an extinction coefficient (K) differs ,s shown in 
drawing . If a micro lens is formed using the resin which has 1 B2xten to three or less extinction 
tStLt when permeability with a wavelength of 450nm is set up to 85% or more so ha 
may also show, it turns out that it can contribute to the improvement ,n sensibility of a solid state image 

[0016] Moreover, if it can form by making the gap between micro lenses into zero in the case of a 
micro-lens array, condensing effectiveness can be improved, but when the variation in the processes 
(an ingredient, exposure optical system, process, etc.) which produce a micro lens ,s taken into 
consideration. 0.5 micrometers of the gap between micro lenses are a limitation It found out that * was 
effective to form a filling factor improvement layer (transparence thin film layer) on the surface of a 
micro lens as an approach of bringing the gap between this micro lens close to zero. 
KOI 7] The gap between micro lenses can be buried by forming this filling factor improvement layered 
he micro-lens array for solid state image piokup devices which made condensing effect iveness i high 
more can be produced by it. Furthermore, the surface echo of a micro lens can be reduced, condensing 
effectiveness can be gathered synthetically, and it can contribute to the improvement ,n sens,b,l,ty of a 
solid state image pickup device. 

[0018] What is necessary is just to form by predetermined thickness us.ng the .ngred.ent of low 
efraction rather than the refractive index of a micro lens as a filling factor improvement layen m order 
to reduce the surface echo of a micro .ens. The surface reflection factor of a m.cro lens can be made 
3% or less on the wavelength of 450nm by specifically preparing the filling factor .mprovement layer 
whose refractive index with a wavelength of 450nm is 1.46 or less and whose opt.cal thickness 
(refractive-index x thickness) with a wavelength of 450nm is 100-150nm in the micro-lens front face 
which has 1.82xten to three or less extinction coefficient. 

[0019] If the micro-lens array of this invention forms a micro lens with the 'ngred.ent wh.ch has 

1 82xten to three or less extinction coefficient as explained above, although 85% or more of permeab.lity 

is obtained on the wavelength of 450nm, a micro-lens simple substance A refractive .ndex with a 

wavelength of 450nm on a micro-lens front face or less by 1 .46 And by preparing the 

improvement layer whose optica, thickness (refractive-index ^hiokness) w.th a wavd ength ^ nm , 

100-150nm While 85% or more of permeability is obtained on the wavelength of 450nm, the surface 
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reflection factor of a micro lens can be made 3% or lees, the condensing effectiveness of a micro-lens 
aC can be gathered synthetically, and it can contribute to the improvement ,„ sens,b,l,ty of a sohd 
state image pickup device. 

a solid state image pickup device in drawing 1 (a) in drawing 1 (b) is shown. 

K02 ] On the <example T> semi-conductor substrate 1 1 with which the protectmn-fromHight section .._ 

3 which consist ofa light sensing portion 12 which consists of a photodiode, and *" 
Jormed the acrylic resin solution was applied with the spinner and the flattenmg layer ,4 of g,ven 

^TertnTflattening layer 14, the photosensitive pigment soiution was applied with the spinner, 
h photosensitive pigment layer of given thickness was formed, patterning ^^Z^ts 
and the light filter of the Isahiki eye was formed on the light sensing portion. [0023] which "P««^^' s 
process successively, formed the light filter of a two-color eye and three amorous glance and formed 
thelht filter layer 15 of three colors which consist of Red(s), Green(s). and Blue(s) Next, on the light 
fflterCe^ Revolution spreading of the acrylic resin solution was carried out with the spinner, and the 
overcoat layer 16 of given thickness was formed. .diusted on 

T0024] Next revolution spreading of the positive resist (product made from MER-354 JSR) ^justed on 
■ Se overcoat ayer 1 6 so that an extinction coefficient with a wavelength of 450nm might be beforehand 
let to 0 li-3 was carried out with the spinner, the sensitization layer was formed, P. = 
was carried out,and the resin patterned layer of the predetermined size corresponding to a light sensing 
portion 2 was formed. Furthermore, by heating and softening this resin layer patterned layer at 130 
degrees O the convex lens-like micro lens 21 was formed and the solid state image pickup dev,ce 10 
which has the micro-lens array 22 was obtained (refer to drawing 1 R> Ha)). 

FoC 25] Here, the result of having measured the spectral transmittance of the sample which produced the 
bove-menticned micro-lens array 22 separately on the glass -^^""V"-" 
drawing 3 . Permeability with a wavelength of 450nm showed 88.5%. and the validity of claim 1 of th,s 

SZ* fading of the acrylic resin soluflon prepared so that a refractive index with a 
wavelength of 450nm might be beforehand set to 1.45 on the micro lens 21 obtained ,n the^ tam*2> 
example 1 was carried out with the spinner, and the solid state image pickup device 20 wh ch has the 
nTo-lens array 32 in which the filling factor improvement layer 31 of 0.09-micrometer thickness was 
formed was produced (refer to drawing 1 (b)). 

0027] By forming the filling factor improvement layer 31. the gap between micro lenses was able to be 
et to 0.2 micrometers, and was able to improve the optical filling factor of a ens from « , to 90*. 

[0028] The result of having measured the spectral transmittance of the sample which 
epar tely the micro-lens array 32 which formed the Ailing factor improvement layer 31 

mentioned micro lens 21 on the glass substrate of the same size is shown ,n drav^i . P"™*** 

with a wavelength of 450nm showed 90%, and 1 .5 more% of improvement ,n permeability was found 

compared with the micro-lens array 22 of a micro-lens simple substance. 

[0029] Furthermore, the result of having measured the spectral-reflectance property of the sample 
which produced separately the micro-iens array 32 which formed the filling factor improvement layer 31 
•The above-mentioned micro lens 21 on the glass substrate of the same size is shown ,n d^gj . 
. The reflection factor with a wavelength of 450nm was able to show 2M. and was able i to , mak , the 
reflection factor below one half compared with the micro-lens array 42 of the conventional micro lens 
simple substance. 



[0030] Revolution spreading of the positive resist (product made from JSR) adjusted on the ^overooat 
aver 16 of the solid state image piokup devioe obtained in the , <examp e o companso > e mp ej o 
that an extinotion coefficient with a wavelength of 450nm might be beforehand set to 04x10 3 was 
oarried out with the spinner, the sensitization laver was formed, pattern exposure was earned out, and 
Z e esintatterned layer of the predetermined size corresponding to a ^ ^ 
formed Furthermore, by heating and softening this resin patterned layer at 130 degrees C, the convex 
Z-L mToro lens 41 was formed and the solid state image piokup devioe 30 whioh has the m,oro-,ens 
arrav 42 was obtained (refer to drawing 6 ). 

OM,] Here, the result of having measured the speotral reflectance for the result of having measured 
he speotrai transmittanoe of theVample whichprodubed the a*™" "^'^^e^ 
separately on the glass substrate of the same size, to drawing is shown ,n graved! . • 
Permeability with a wavelength of 450nm showed 34.5., and was not able to carry out dear [ of the 85i 
of a target 1 The reflection factor with a wavelength of 450nm was 4.9,1. 

?0032 Rna ly patterning processing of the resin layer formed on the terminal electrode of a solid state 
!age X device was carried out by the well-known dry etching method, the solid state ,mage p,c up 
deles 10 and 20 shown in drawing (a) and (b) were produced, and it was checked that 
conversion efficiency is improving compared with the conventional solid state ,mage p.ckup dev,ce 30. 

Effe'ct of the invention] If the micro lens which has 1 .82xten to three or less «^ "T^S^T 
he wavelength of 450nm is used as described above, at least 85% or more of permeab.hty » 
and" can contribute to the improvement in sensibility of a solid state image pickup device, ^h™ 
by forming a restoration improvement layer on a micro lens, the gap between micro lenses ,s buned and 
the micro-lens array for solid state image pickup devices which made condensing effectless h,gh 
more can be formed, and since reduction of a surface echo of a micro lens and improvement ,n 
permeability L be performed, it can contribute to the improvement in sensibility of a solid state ,mage 
pickup device, and the miniaturization of a solid state camera. 
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DESCRIPTION OF DRAWINGS 



TBrief Description of the Drawings] 

Drawing 1] (a) is the fragmentary sectional view having shown typically the example 1 of the micro-ens 
Stolid state image pickup devices of this invention, and a solid state image pickup *«•■*>» 
the fragmentary sectional view having shown typically the example 2 of the micro-lens array for solid 
state image pickup devices of this invention, and a solid state image pickup device 
drawing 2] It is the explanatory view showing the result of having earned out simulate of the 
S to each wavelength of the various resin layers of 1 .2-micrometer thickness from wh.ch an 
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extinction coefficient (K) differs. 

drawing 33 It is the explanatory view showing the spectral transmittance property of the micro-lens 
array for solid state image pickup devices of an example 1 . 

Rawing 4] It is the explanatory view showing the spectral transmittance property of the m.cro-lens 
array for solid state image pickup devices of an example 2. r . lonc arrav 

FDrawingS] It is the explanatory view showing the spectral-reflectance property of the. m.cro-lens array 
for solid state image pickup devices of an example 2. 

[Drawinge] It is the fragmentary sectional view having shown typically the conventional m.cro-lens 
array for solid state image pickup devices and a conventional solid state image pickup dev.ce. 
" [Drawingl! It is the explanatory view showing the spectral transmittance property of the m.cro-lens 
array for solid state image pickup devices of the former (example of a comparison) 

Rawing 8] It is the explanatory view showing the spectral-reflectance property of the m.cro-lens array 
for solid state image pickup devices of the former (example of a compar.son). 
[Description of Notations] 
10, 20, 30 .... Solid state image pickup device 

1 1 .... Semi-conductor substrate 

12 .... Light sensing portion 

1 3 .... Protection-from-light section 

14 .... Flattening layer 

1 5 .... Light filter layer 

16 .... Overcoat layer 
21 41 .... Micro lens 
22, 32, 42 .... Micro-lens array 

• 31= : ..r Filling factor improvement- layers • .. 

[Translation done.] 
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@, HfiB©#7 — — *J8J*U Red, Gr 
een. Blue*&&53fi©*7-7^H-H 

[0 0 2 3] )V?-mi 5±K7*U 

[0 0 2 4] 6±fc, 
b£&fi4 5 0 nraT0«tW 5 O. 5 7X1 0"3c 
fe*±3fcWlESnfc#^ffil'^H (MER-3 5 
4: JSR (ttc) »rSXt!>^— T?@e^*b, *3t 

^<X©«§^->B£^t-fc° 
8i!/^->Jf£i 3 0t-c4»ii-^t5:ti:=t 
0dl/>X^©v-r^nl/>X2 i*»j«U 
U>X7H 2 2 1 OSHfc (0 

1 (a) #B8) . 

[0 0 2 5] HHT, ±E , 7'f^nl'>X7H2 2S 

3taa**«j£bfc«f**H3C7i?-r. Sfi4 5 0 nm 
-C©S®*»8 8. 5%£^U 

[0026] <H5£(*j 2 >3»j i t» enfc * p 

1 / >X2 1±II. *6*»i;»«ft4 5 0 nmT©H*f* 

751 1 . 4 5 k & « j: 5 hps- $ nit 7 ? u mmmmm 

2 OSfPSLfc (01 (b) = 
[0 0 2 7] ^»¥&#«3 1 J: 0. 

/7Dl/>XK©^^>7^«0. 2jimi:aO. U> 
X®3t*«3te*** 7 6%?5^9 0 XKiaUT*^** 
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[0028] ±iB-7-f^ni^>X2 1 \z%v&&&mz 
# 5 x ss± t»J aff«^ fc* > ^ ro ##356$ * ii 

9 0%£^U 7^^Pl/>XW©7-f^OU>X7 

V-f~ 2 2 fc'ft'^TlEl'CT . 5 % (DSjg^fp]±^l; 5> tl 

/to 

[0 0 2 9] 2blC, ±fS-7-T^nlx>X2 1C*«¥ 
&f!3 l«JilU:^^k>X7K 3 2 SH- 
IM X© #57. S«± t B'J^f^K b fc* > XJKD^^R 
»4Et9rtt«ai£U^M«BI5(C^-r. S54 5 0 nm 

#ffl7^f^nl/>X7W 4 2 }CJt^T¥#tTF©RM 

[0 0 3 0] <JtK^J>^M^J 1 T»&ftfcB#flH** 
fot-/t-3-Mi6±i:. »6*»tJftftfi4 5 0 
nmtffl«g«t* s l. 9 4X1 0 -3cfeS «fc 5 Ull 
Snfc#i?Sl/^b (JSR (*) S) £Xtf>^— 

f 3 0 5#fe (0 6#BB) . 
[0 0 3 1 ] Z. CLT, lE^fnU^XTH 4 2 5: 

fejte*&0 8ic*n-6n*-r. sfi4 5OnmT0sa 

Ti^fco ftfi4 5 0 nraTCSW$l44. 9 %T*o 

fee 

[0 0 3 2] a#»«*^©s»^*s±^^^ 
yi/mmL. mi u> ms (b) i-*-r@#aHfc*^ 

[0 0 3 3] 

' [3S93©8!i£J ±fibfcJ:-5K, &£-4 5 0 nmtl. 
8 2X1 0 ^-7^ P U >X^ 



lx>X±ti^*&SH ; £^1"^-t^=fc , 5> ^M?p 
[0®©fgW«£tfc$] 

[01] (a) tt, ^®l#«iifl^'fi ? ^ 

fcAMrtSiBHT**. (b) «, *3fiW©H#»«* : P 
ffl 7-f^7Dl/ >X7 u-r at* BHHi**^®**** 2 * 

[0 2] (K) ©S&5 1. 2tfm)l©&ll 

[0 3] ^M#iJ 1 ©S^a^*^ffl v ^^ DU>X7U 

[0 4] mmm2<Dmwmmm^m^^ i7°u>xr^ 

[0 5] %Kfl 2 ©Hfl:***^ ffl^'f ^ a 1/ >X7 U 
[0 6] eclftSM^^ 01 '^ 71 '^^ 

[07]f* ©@&J§{§*^W^a^> 
X7 IM 0D»Jfcaj8Wtt**-rttMH.^**- 

[0 8] ®iM (tt««) ©@^»^ffl"^^^ i:I ^> 
X7 IM ®^3tRI*sp«fftS^-rittW0t*S.- 

[?S^©fft0Jl] 

30 1 0,2 0,3 0 Hfriftfife*^ 

1 1 

12 g^BB 

1 3 iiftfiB 

14 ¥SfbH 

1 5 137 — -7 4)V9—M 

16 t-^-P-M 

2 1,4 1 V-f^PU>X 

2 2, 3 2, 4 2 7^f^DU>X/K 

3 1 immmm 
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[08] 



690 700 



F^-A(##) 4M118 AA10 AB01 BA09 CA02 EA20 
FA06 GB03 GB07 GB11 GC08 
GD04 GD07 
5C024 AA01 CAOO EA04 EA08 FA01 
GA01 

5F088 BA01 BB03 EA06 HA02 HA20 
JA12 LA03 
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